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QUENCHING OF VIBRATIONALLY EXCITED N2 BY SO2

Considerable effort has been expended in recent years to determine energy transfer
rate coefficients for processes relevant to high power laser systems, atmospheric
radiance, and acoustic propagation. Numerous studies of SO2 relaxation have been

reported using acouctic dispcrsionl°7 and laser-induced fluorescence ttzchnimms.a'll

This
note reports the application of a photoionization detection technique to study the
vibrational quenching of N2 by 802.

The apparatus employed to study Nz(v = 1) quenching has been described in its
application to C02. HZO’ NO, Hzo. and O. 1216 A flowing afterglow system coupled to
a photoionization mass spectrometer comprised the reaction zone and detector.
Detection was based upon the fact that the onset of photoionization of Nz(v = 1) lies
toward longer wavelengths than the Nz(v = 0) photoionization limit. Signals caused by
photoionization at 80.04 nm were attributed exclusively to Nz(v = 1), based upon
previously reported evidence.!? The N oV = 1) was formed in a discharge in & flowing He-
N2 mixture. Flow velocities were typically 20m/sec, and total system pressures ~ 2 Torr.

The amount of Nz present in the system was varied from 3.3% to 35% of the total

pressure.
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Quenching measurements were performed by observing the decrease in

photoionization signal at 28 amu as a function of So2 concentration. This decrease

defined a simple first order quenching rate coefficient,

3 In loll

[so,1]

k

obs

where [SO, Jis the concentration of SO, added to the flow system and t is the reaction

time. A correction due to repopulation of Nz(v = 1) from Nz(v >1) inereased Kops DY 8

factor of 1.25 to give the quenching rate coefficient k q.m

The experimentally measured value of k q for Nz(v = 1) quenched by SO2 was found

16 1 1

to be kq =(6 £2.3)x10 em® molecule lsec” at 300°K.

This quenching rate coefficient represents the balance between the overall

guenching of N2(v = 1) and reverse process population of Nz(v = 1),

=

1

N,(v=1)+50, '_(-: Ny(v=0) + sozT ; (1)

1

In order for kq to equal kl. any excited SO2 produced in process (1) must be deactivated
before the reverse reaction can ocecur. Vibrational self-relaxation times for SO2 measured

by Earl et al.'®

and others5 indicate that SO2 vibrational relaxation times for this work
vary from ~ .5 msec to 5 msee, assuming that self-quenching for 802(200) and other
populated levels is at least as rapid as for 802(100). Typical experimental reaction times
were ~ 80 msec, which indicates that reverse processes should not be a significant effect.

Experimental confirmation of this was obtained by varying the N2 pressure from .15 Torr

b




to .5 Torr and the SO2 pressure from .06 Torr to .G Torr, with no observable change in the

measured value of k q Thus we conclude that k q o kl'

The most likely V-V transfer processes which could be responsible for this quenching
of Nz(" = 1), based upon energy defect considerations, are
kg
N,(v=10+50,(000) = N,(v=0)+SO,(100)+1180 em’}, (2)
K3
ks
N,(v=10+50,(000) = N, (v=01+S0,(001)+969 em™ (3)
k
-3

or the two quantum excitation processes

K
4

N,(v=11+50,(000) =  N,(v=0)+S0,(200+29 em?? , (4)
-4

or
kg
N_(v=1}+80.(000) = N.(v=0)+SO(002)-393 cm™ " . ()
9 2 &y 2
-5

This experiment provides no information regarding the actual process occurring, since only
the loss of Nz(v=1) is monitored, nor is there a reliable theoretical way of calculating the
reaction rate coefficients for N, - S0, V-V transfer processes. All that can be said with

certainty is that simple theory17 predicts that all four processes be much slower than a

single-quantum resonant transfer process.




The value of the quenching rate coefficient for the l'l.‘,(v=l)-$02 system reported

here may be compared to that for the CO(v=l)-SO2 system, in which the energy defects

for the processes involved are very similar to those shown in eq. (2) to (5). The CO

quenching rate coefficient is reported by Movacs18 and Hancock et al.” to be

1 1 3 1 -1

(l.9t.7)x10'15cm3 molecule lsee! and (3.64.1)x107!® em3® molecule”! sec :

respectively, which is very similar to our reported value of kl' We conclude that the

6 3 1

reported value, k; = (6+2.3) x 1071® ¢m® molecule !sec™), is a ressonable value for the

Nz(v=l)—802 quenching process.
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conducting, superconducting, and crystal device physics, optical and acoustical §
imaging; atmospheric pollution; millimeter wave and far-infrared technology.

Materials Sciences Labontorr Development of new materials; metal .
matrix composites and new forms of carbon; test and evaluation of graphite '
and ceramics in reentry; spacecraft materials and electronic components in !
nuclear weapons environiment; application of fracture mechanics to stress cor- {

rosion and fatigue-induced fractures in structural metals.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radia-
tion from the atmosphere, ity and position of the atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
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magnetic storms, and solar activity on the earth's atmosphere, ionospherc, and
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